A new species of Haematoloechus is described from the lungs of Rana boylii from Humboldt County, California. The new species is similar to Haematoloechus buttensis, Haematoloechus kernensis, and Haematoloechus complexus in general course of the uterus and gonad shape. It is similar to H. buttensis by having a cirrus sac terminating midway between the posterior margin of the pharynx and the anterior margin of the ovary, and having a smaller oral/ ventral sucker ratio; to H. complexus by having the genital pore ventral to the pharynx, and it is similar to H. kernensis by having a larger oral sucker to pharynx width ratio. The new species is unique by lacking an extra-cecal longitudinal uterine loop from the hind-body. Molecularly, the new species differs 1.04-1.15% in partial 28S sequence with respect to H. complexus, and a monophyletic grouping of these specimens in a phylogenetic analysis of all available sequence data consistent with the species-specific status proposed herein. Evidence is also presented to suggest that specimens identified as H. buttensis in Rana pretiosa from British Columbia, Canada represents a new, but still undescribed species. The importance of conducting biological inventories of helminths, along with continued monitoring of populations, and collections based taxonomy are related.
Introduction
During a course of a survey of parasites of vertebrates in California, Unites States, specimens of Rana boylii were found to be infected by an undescribed species of the lung fluke Haematoloechus Looss, 1899. Despite the high number of the described Haematoloechus species (Prudhoe and Bray, 1982; León-Règagnon et al., 2001; León-Règagnon and Paredes-Calderón, 2002) , its traditional morphological characterization has been controversial due to the variability within species (Prokopic and Krivanec, 1974; Kennedy, 1980a Kennedy, , 1980b resulting in various taxonomic schemes, as subgenera or new genera to accommodate them. Kennedy (1980a) concluded that the degree to which the gonads are lobed was affected, in some instances, by ontogeny and deemed an 'unreliable' character; while sucker ratios, the extent of the uterine extracecal longitudinal loop, and position of the testes were 'most reliable' for species determination. Kennedy (1981) on the basis of this study and geographic variability in the widespread species H. longiplexus and H. breviplexus (Kennedy, 1980b) , revised the genus, zealously lumping North American taxa into just 6 species. Haematoloechus buttensis, H. floedae, H. parviplexus, H. similiplexus, and H. breviplexus were all considered as junior synonyms of H. varioplexus. León-Règagnon et al. (1999) asserted that is a bit risky to synonymize many species based only on the morphological characteristics of adult worms. Later, León-Règagnon and Brooks (2003) proposed a phylogenetic analysis of the North American species of the genus, validating as species the Kennedy We present herein, a description of a new species of Haematoloechus on the basis of a few valid morphological characters, that is, to which no evidence exists which should discredit their a priori use (cf. Kennedy, 1980a) and tested through potential falsification and corroborated through independent testing (cf. León-Règagnon et al., 2005) . We further point out other characters that seem to consistently co-vary with other characters (cf. morphospecies concept) and identified as critically lacking in this group (León-Règagnon and Brooks, 2003) . For molecular work, worms were digested individually with proteinase K (25 mg/ml) in 500 ml STE buffer, 75ml 10% SDS, and incubated for 24 h at 55 °C. Standard phenol extraction method was used to recover total DNA. Laboratory protocols followed those described by Hillis et al. (1996) and Palumbi (1996) . Polymerase chain reaction (PCR) was used for amplifying the 5' end of the 28S ribosomal RNA gene and partial COI mitochondrial gene. Amplification and sequencing were performed using forward primer 28Sy 5' CTA ACC AGG ATT CCC TCA GTA ACG GCG AGT 3' and reverse primer 28Sz 5' AGA CTC CTT GGT CCG TGT TTC AAG AC 3' (Palumbi 1996) ; and COIF 5' TTT TTT GGG GAT CCT GAG GTT TAT 3' (forward) and COIR 5' TAA AGA AAG AAC ATA ATG AAA ATG-3' (reverse). Amplification programs consisted of 1 min at 94°C followed by 35 cycles of 30 sec at 92°C, 30 sec at 50°C, and 1 min at 72°C; followed by 4 min at 72°C for final elongation for the 28S gene; and 5 min at 95°C followed by 35 cycles of 30 sec at 95°C, 45 sec at 50°C, and 1.5 min at 72°C, followed by 10 min at 72°C for final elongation for the COI gene. The purified PCR products were sequenced directly on an ABI PRISM 310TM automated DNA sequencer (Applied Biosystems) using the Big Dye Terminator TM chemistry according to manufacturer's protocols. Sequences were checked, edited and assembled using the computer program Bioedit, version 7.0.9.0 (Hall, 1999) . Uncorrected distance matrices were obtained for the pairs of examined sequences, and phylogenetic trees were constructed using PAUP 4.0b10 (Swofford, 2002) . Unweighted parsimony analyses using a branch-and-bound search were performed considering character states as unordered, and gaps as missing data for separate and combined matrices. In each case, a nonparametric Bootstrap and Jacknife with 1 000 replicates, as well as Decay indices, were calculated to evaluate the stability of branches in the resulting topologies. GenBank accession numbers of available sequences of Haematoloechus spp. used for comparison were: for 28S -AF151916, AF184251, AF387797, AF387798, AF387801, AF479652, AF479653, AF531857, AF531859, AF531860, AF531861, AF531863, AF531866, AF532138; for ITS1-5.8S-TS2 -AF133186, AF133187, AF133189, AF133191, AF133196, AF316153, AF316154, AF316155, AF316157, AF316160, AF316161, AF316163; and for COI -AY672116, AY672117, AY672122, AY672123, AY672124, AY672125.
Materials and methods

Eighteen
Description
Haematoloechus humboldtensis n. sp. (Figs. 1-4 posteriorly oriented extracecal longitudinal loops lateral to testes, uterus never ventral or dorsal to testes. Metraterm weakly developed, 320-380 long, lateral to mid-line of body, on opposite side of ovary. Vitellarium follicular, in clustered groups, lateral and dorsal to ceca, more than 12 follicles per cluster, 2-3 medial groups in forebody, 0-2 medial groups in hindend posterior to testes on opposite side of ovary, 6-8 total sinistral vitelline groups when ovary is sinistral, 10 when ovary is dextral; 9-10 total dextral vitelline groups when ovary is sinistral, 7-8 when ovary is dextral. Eggs 35-41 by 18-21. Excretory bladder I-shaped, excretory pore terminal, opens dorsally. 
Taxonomic summary
Remarks
The new species is most similar to Haematoloechus buttensis, Haematoloechus kernensis, and Haematoloechus complexus in general course of the uterus and gonad shape. Of these species, it is most similar to H. buttensis, and differs from both H. complexus and H. kernensis, by having a shorter cirrus sac terminating no more than the mid distance between the genital pore and ovary (and not reaching the ventral sucker); and having a smaller oral: ventral sucker ratio (1: 0.71-0.78 vs. 1: 0.8-0.84 and 1:1, respectively), among species of Haematoloechus this interval is minimal, but invariable enough to differentiate them. The new species is similar to H. complexus, and differs from both H. kernensis and H. buttensis, by having the genital pore ventral and not posterior to the pharynx. Ingles (1936:80) described the genital pore as "at level of posterior part of pharynx" in H. buttensis, but that does not agree with his only 2 known specimens, which are on the pharynx. The new species is similar to H. kernensis, and differs from both H. complexus and H. buttensis, by having a larger oral sucker to pharynx width ratio (1: 0.63- 0.68 vs 1: < 0.61 and 1: < 0.55 respectively). The new species further differs from H. buttensis, but more closely resembles both H. kernensis and H. complexus, by having an esophagus shorter than the length of the pharynx and is unique by lacking an extra-cecal longitudinal uterine loop from the hind-body. Although molecular data have convincingly demonstrated that presence/absence of extracecal uterine loops are not a phylogenetically informative (Snyder and Tkach, 2001; León-Règagnon and Brooks, 2003) , can be used as a diagnostic character.
Partial fragments of 28S sequence, 876 bp in length (including the D1 variable domain), and of COI sequence, 361 bp in length, were amplified. Sequences of H. humboldtensis n. sp. isolates from the same individual host from the type locality differ from 0 to 0.23% and from 0.28 to 1.11% for 28S, and COI, respectively. León-Règagnon and Brooks (2003) for American species of this genus. Three and 6 most parsimonious trees were obtained from separately parsimony analyses with a Branch-and-Bound search for 28S and COI matrices (170 steps long, CI 0.824, RI 0.957, RC 0.788; and 170 steps long, CI 0.688, RI 0.849 and RC 0.584, respectively). Thirty six most parsimonious trees resulted from a combined sequence analysis (345 steps long, CI 0.745, RI 0.915 and RC 0.682); the strict consensus is shown in Figure 5 . Supported by high BT, JN (more than 85%) and Bremer values, sequences of H. humboldtensis appear as monophyletic group in a polytomy with H. complexus and H. pulcher. Genbank accession numbers of new species: 28S: GU191156, GU191157, GU191158, GU191159; COI: GU191160, GU191161, GU191162, GU191163.
Discussion
With each newly described species, there should be greater breadth and depth of comparison, leading to new character descriptions. It is critical that character states be examined, and reported, in historically older taxa in light of improved knowledge in morphology, systematics, genomics and biogeography. This is the primary role of the type series of specimens in biology. However, voucher specimens also serve a vital role as indicators of natural variation, temporal and spatial distribution patterns, particularly in the context of recent rapid environmental changes and biodiversity loses (Hoberg, 2002) . For example, Ingles (1936) described a new species, Haematoloechus buttensis, in the foothill yellow-legged frog, Rana boylii Baird, 1854, from Chico Creek, Butte County, California. Ingles (1936) made specific comparisons in differentiating his species to every species but he did not made any comparison with H. complexus (Seely, 1906) , to which it most closely resembles. The description is lacking in several key characters, and we have discovered that the illustration is not of the type and only available specimen (USNPC 8926) (Fig. 6) . Kennedy (1980a) omitted any reference to the genital pore position, and terminal genitalia of specimens he identified as H. buttensis, characters that are now identified as crucial for specific identification. Furthermore, the larger oral sucker to pharynx width ratio (1: 0.71), smaller oral to ventral sucker ratio (1: 0.38), host, and geographic locality make us doubt his identification. The ratios most closely resemble those reported for Haematolechus danbrooksi León-Règagnon and Paredes-Calderón, 2002 , but the uterine pattern suggests that Kennedy's worms identified as H. buttensis may in fact represents yet another new species.
Moreover, sequence data are not available for either H. kernensis or H. buttensis which limits the scope of our comparisons. However, we are able to include H. complexus sequence data, which given our prior morphological analysis, may be the most relevant comparison. Phylogenetic analysis of the available molecular data indicates that our specimens form a monophyletic grouping, most closely related to a paraphyletic H. complexus, one clade of which is the sister taxon to H. pulcher. Genetic differences between these 3 nominal species (1.04-1.15% difference with respect to H. humboldtensis) support the recognition of our specimens as a new species. Our phylogeny only invalidates (or falsifies) the hypothesis that specimens used herein and identified as H. complexus are a single species. Either, the identification of some of those H. complexus specimens is wrong or the species is not valid. Without further information, we cannot decide between these 2 alternatives at present. Undoubtedly, issues involving H. complexus will require the eventual designation of a type. However, all available data, presented herein, morphological, phylogenetic, and genetic distances, supports the notion that the specimens recovered in the lungs of R. boylii from Humboldt County represent a new species.
Parasite populations as studies through spatial analyses (eg. Beta diversity analyses, Bush et al., 2001 ) are thought to be ephemeral. We are unaware of any actual historical examples of 1 parasite species replacing another at a particular locality as may have occurred in Humboldt County if Walker (1965) was correct and our sampling was unbiased. Recently, Bolek and Janovy (2007) Bolek and Janovy (2007) , then seasonal prevalence of those intermediary hosts coupled with host dietary preferences alone may ecologically and temporally segregate different species of Haematoloechus. The third possibility is that Walker (1965) misidentified his specimens, and was in fact dealing with specimens identified herein as a new species. Whether there has been a parasitic faunal change during the past 40 years, will never be known because voucher specimens were never deposited. The history of taxonomy is replete with examples of the lack of type specimens leading to taxonomic confusion, and retarding progress toward much needed conceptually richer process knowledge (see Hoberg, 2002) . History also demonstrates that the fates of personal collections are unpredictable as their value to universities for teaching purposes is at best fleeting.
Specimens are the most efficient form of retaining information content, providing historical biodiversity baselines. The work presented herein, explicitly demonstrates the importance of depositing voucher specimens in permanent collections which are more than mere repositories of information but rather form the basis of comparative research programs (Hoberg, 2002) . Taxonomy and systematics as a sciences require testability. If species are real, and if species are important, their identification as biologically fundamental units requires cycles of discovery and evaluation (Brooks and McLennan, 2002; Hoberg, 2006) . of Ecology and Evolutionary Biology, University of Toronto during her postdoctoral position. This study was also partially funded by Dirección General de Asuntos del Personal Académico DGAPA, UNAM in form of PROFIP postdoctoral scholarship to RML.
